The time series analysis of 18 thermal images (Landsat TM and Landsat 8 TIRS) of Kyiv for the period from 6 Jun 1985 till 1 June 2018 was done for spatiotemporal changes investigation. Therefore, the sites of the LST thermal anomalies caused by landscape changes were developed. Among them are the sites of increased LST where thw "Olimpiyskiy" national sport center and adjacent parking was built and the site of decreased LST where the tram depot was liquidated and the territory was flooded.
Introduction
With the advent of residential landscapes began an active process of the anthropogenic landscapes formation. In such a peculiar environment, people and technology are the main sources for the further formation of the environment state [3] . In particular, anthropogenic activities cause the temperature contrasts between the urban environment and the surrounding territories. Among the factors that form the city thermal field are:
• artificial covers that are characterized by high heat capacity [8, 11] , and over the total area they consi derably exceed the area of green plantings [1] ; • high concentrations of harmful emissions that change the radiation properties of the atmosphere, forming an environment in which the thermal field dissipates much slower; • dense building, which leads to blocking of wind flows, and therefore prevents convective cooling [7] . Mapping the land surface temperature distribution according to earth remote sensing allows delineate area, which characterized by abnormally high temperatures -the so called "heat island", and also UDC 550.814:528. 8 .04
The aim of this research is to enhance approaches existing for the assessment of cities thermal conditions under climate change impact by using multispectral satellite data for Kyiv city area. This paper describes the method and results of the Earth's surface temperature (LST) and thermal emissivity calculation.
Particularly, the thermal distribution was estimated based on spectral densities according to Planck's law for "grey bodies" by using the Landsat 8 TIRS and Sentinel 2 MSI satellite imagery. Furthermore, the result was calibrated by ground data collected during the ground truth measurements of the typical city surfaces temperature and thermal emissivity.
The spatial resolution of the LST images obtained was enhanced by using the approach of subpixel processing, that is the pairs of invariant images shifted with subpixel accuracy. As a result, such an approach allowed to enhance the spatial resolution of the image up 46%, which is much higher than the potential performance of the thermal imaging sensors existing.
The interrelation between the Earth's surface type and the temperature was revealed by the results of the Sentinel 2A MSI image of 21 August 2017 supervised classification. Thus, the image was divided into the six major classes of the urban environment: building's rooftops, roads surface, bare soil, grass, wood, and water. As a result, surfaces with vegetation much more cool next to artificial ones.
Objective
The primary basis of this study is the determination of long term changes in the surface temperatures distribution within the urbanized environment on the example Kyiv city. Previous studies of this problem were carried out jointly with the St. Petersburg Research Center for Environmental Safety of the RAS [4, 5] . In the framework of these works, long term data series of the longwave infrared remote sensing data received by the Landsat and EOS satellites have been processed. As a result, a trend to increase both surface and atmospheric temperature within the urban environment has been revealed and the negative consequences for the city microclimate and public health have been studied. These works have encouraged the implementation of the following studies on the impact of urbanization on the temperature regime of the urban environment.
This study is aimed at solving the problem of providing a quantitative assessment of the current state of the thermal regime of Kyiv by mapping the surface temperature distribution based on the processing of Urban thermal micro mapping using satellite imagery and ground truth measurements: Kyiv city area case study Earth remote sensing data. In addition, an attempt was made to assess the influence of environmental factors and types of landscapes on the city thermal regime. Particular attention is paid to the influence of green areas on the microclimate and the dynamics of their density within Kyiv. The purpose of this work is to improve the asses sment of the thermal regime of the city in the context of climate change using infrared satellite imagery.
Input data

Satellite imagery
In this study, long wave infrared images of Landsat series satellite systems (5, 7, 8) To increase the spatial resolution of the thermal field images, satellite multispectral optical imagery from Sentinel 2 Multispectral Instrument (MS) were down loaded. An optical sensor is installed on this satellite, which conducts imaging in thirteen spectral bands from VNIR to SWIR (https://scihub.copernicus.eu/dhus/#/home).
During the May August 2018 period, 6 Landsat 8 thermal images were processed, from which the temperature distribution image was obtained. The results of processing two Sentinel 2 images (for May 28 and August 11) were used as the thermal radiation emissivity distribution sources . Post processed images codenames are listed in Table 1 (land surface emissivity date) and Table 2 (land surface temperature data).
In order to analyse the time series, retrospective satellite images of the Kyiv city territory from 1985 to Mainly, satellite images were selected after an assessment of cloudiness: no more than 10% cloudiness during the survey.
Field measurements data
During the June August 2017 and 2018 period, ground based measurements work was carried out to create a database of temperature indicators and the thermal radiation emissivity of typical artificial and natural city covers.
Mainly, ground data was collected in relatively homo geneous areas, which allowed to recognize the signal of the selected cover in a 2 × 2 pixel window of the resulting Sentinel 2 image (Fig 1) . Remote sensing and measuring the temperature of the land surface were carried out remotely -using a Fluke Ti110 thermal imager and a Trotec TP10 pyrometer, as well as contact measurements mode using a Benetech GM1312 thermometer equipped with two thermocouple elements. This approach allows determining both the brightness temperature remotely using the built in microbolometer sensor of infrared radiation, and directly contact thermodynamic tempe rature using a thermometric instrument. Ground measurements data are in Table 3 .
Research methods
Land surface temperature calculations
Determination of the objects temperature and the earth's surface covers by processing the data of infrared removal is achieved by using the inverse Planck law for the "gray body" to express the temperature through the spectral density of the radiation flux provided by the satellite system [12] [13] [14] [15] :
where Ls is the spectral radiance of the land surface, ε (λ) is the thermal radiation emissivity, (1) is customized using the K 1 and K 2 hardware constants, specified for a current sensor, as established during laboratory calibration [2] . In this study, in order to improve the detail of the Earth's surface, the Sentinel 2 MSI were used in the thermal distribution calculation model.
To determine the distribution of the thermal radiation emissivity by remote sensing data were selected cloudless Sentinel 2 MSI image were selected. Thus, from the obtained two images of the distribution of the coefficient of thermal radiation emissivity, the first (up to May 28, 2018) was used to calculate temperature images based on Landsat 8 data for the first half of summer (before July 10), and the second (until August 11, 2018) -for the other three (4-20 August 2018) (Fig. 2) .
Such an approach is appropriate since the coefficient of thermal radiation emissivity is considered to be a rather inert value, for a long time (within 1-2 months) remains unchanged for surfaces covered with vegetation, and absolutely static for artificial surfaces provided it remains unchanged (due to building or other drivers). With more cloudless images should use all possible to reduce the influence of unrecorded surface modifications that are possible at the research period.
Spatial resolution enhancement
To improve the detail of thermal field images, the method of sub pixel processing was applied. In this case, sub pixel offset invariant image pairs were used (multi temporal distributions of thermal radiation emissivity and temperature [4] as a high resolution and low resolution component of the image respectively). This superresolution approach makes it possible the spatial resolution enhancement by 45-50% of the original images [9, 10] .
To improve the detail of the image of the Kiev's thermal field, the Sentinel 2 MSI images with10 m spatial resolution were used to calculate the thermal radiation emissivities (for comparison, the Landsat 8 OLI VNIR images have a spatial resolution of 30 m) (Fig. 3) .
Time series analysis of Earth remote sensing data
Advantage of the time series analysis implementation the possibility of trend detection by remote data. Thus, four main time series parameters of the of remote data have to be calculated: the average value of the studied indicator for all time period, the average increment of the studied indicator at a certain time interval, the contribution of fluctuations of a certain period in the total periodic component of the time series and the significant period [16] . Time series analysis is performed for each element of the land surface separately, as a result of which four spatial distributions of each of the time series parameters are obtained in the same geometry as input time series images.
Results
As part of the study, a time series analysis was carried out from 18 thermal images (Landsat 5 TM and Landsat 8 OLI) of the Kyiv city for the period from June 6, 1985 to June 1, 2018. The image of the dynamics 
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of the surface temperatures within the Kyiv city during the research period is shown in Fig. 4 . Lowering Kharkov region reservoir cascade temperature (lakes Tyagle, Nebrej, Martishiv) due to their appearing in the 1990s because of sand for the construction development. This causes a significant increase in temperature (up to 14°C) of a significant part north of the cascade. Such processes are also characteristic of the northern part of the Kyiv Left Bank, in the Troyeschina micro district: the construction development causes of construction caused an increase in surface temperatures as well as a local decline in the Diamond Lake area due to its formation through the sand fence. It should also be noted about the presence of significant areas of forests around Kyiv, for which significant temperature increases have been found, which indicates an array of deforestation. Also within Kyiv there are a large number of small areas with significant temperature increases (up to 20°C) due to the development of infrastructure: the construction of a shopping centre, the International Exhibition Centre, etc. The background increase in surface temperatures found in built up areas did not change during the study period at approximately 3°C.
The relationship between the type and temperature of the terrestrial surface was confirmed by analysing the results of the Sentinel 2A MSI supervised classification on August 21, 2017.
The roads and roofs of buildings -artificial surfaces are the most heated; the surface with dense woody vegetation is much cooler; accordingly, the open water is a cool type of terrestrial surface.
As a result, thermal anomalies were detected, the localization of which is consistent with changes in the type of land cover (Fig. 5) .
The analysis of the minimum, maximum and average temperatures for each class and for the whole territory was performed (Table 4) . Since the temperature of green areas is less than the temperature of artificial coatings, the obtained indicators confirm the positive effect of an increase in the areas covered with vegetation on the average temperature of the studied area. The heterogeneity of the urban environment, the differences in planning due to historical development, create different temperature regimes in each region and even in a micro district of a large metropolis. For the temperatures analysis and the impact of the green spaces number and other land covers types, three test plots within the Kyiv city were selected: Troeschina, Otradny Avenue, and Osokorki.
A detailed classification of the main land cover types was carried out and the main classes for analysis were selected: artificial surfaces, vegetation, and water surface. The comparison results are presented in Table 5 .
In general, the highest temperatures are characteristic of industrial areas (Obolon, Minsk Massif, Darnitsa industrial areas, the vicinity of railway lines, the International Exhibition Center). Due to the high concentration of metal and bitumen roofs, asphalt roads and the virtual absence of vegetation, the surface temperature on a sunny day reaches 46°C. Such areas are the largest accumulators of thermal energy and, accordingly, have the greatest impact on the microclimate of the city at night, giving off heat to atmospheric air after sunset.
It should also be noted a significant difference in surface temperatures between micro districts with moderately dense woody vegetation and with areas where it is practically absent. Thus in areas with a low density of woody vegetation (Troyeshchina, Kharkov array) surface temperature distribution according to the RS is in the range 36-39°C, while areas with thick woody vegetation (Lisoviy, Darnitsya) the temperature ranges from 34-36°C. The presence of forest parks also has a positive effect on the temperature regime of the area. So, for example, in areas surrounded by park zones (Solomianka and Batiyeva Gora micro districts) temperatures range from 33 to 35°C. The temperature of tree crowns within forests and parks is within 26 to 28°C. Forest cuttings expose soil and surface vegetation covers and, accordingly, increase the surface temperature by 6-8°C. In addition, high temperatures were found in areas with malls, large parking areas (40-43°C). In the central part of planting through courtyards, surface temperature is in the range 34-37°C. This example confirms both the negative impact of unorganized urbanization on the environment and its impact on the urban microclimate, as well as the positive effect of greening the city, both within the districts and due to separate areas for forest park zones.
Conclusions and recommendations
The use of thermal radiation emissivity distribution obtained using data of the visible and near infrared bands can significantly improve the information content of the resulting temperature distribution images. Subpixel processing of the pairs of low resolution thermal emissivity distribution achieves the resolution enhancement by 46%. Taken together, this two step approach allows obtaining the distribution of the thermal field of a significantly higher spatial resolution as compared with the technical performance of the currently existing sensors of long wave infrared radiation. This approach will allow conducting detailed studies of heterogeneous areas, for example, urbanized environment, to more accurately track hot heat sources and the dynamics of the thermal field caused by deforestation, buildings development, sand recla mation and any other natural or anthropogenic drivers. As a result, this approach provides the possibility for development the more accurate and in depth forecasts microclimate changes, which is especially important in today's rapid development of urban and industrial landscapes.
As a result of a comparative analysis of the distribution of surface temperature and land cover classes of the city, the positive impact of greening the city was confirmed. In addition, according to the classification results, the following thermal anomalies were established:
• the highest temperatures are typical for residential and industrial areas (Obolon, Minskiy, industrial zone Darnytsa district, railway junction, the International Exhibition Center); • there is a significant difference in surface tempe ratures between built up housing estates and planted woody vegetation. So in areas with low density of woody vegetation (Troyeshchyna, Khar kiv massif), the distribution of surface temperatures according to remote sensing data is within 36-39°C, while in areas with dense woody vegetation (Forest, Darnitsa) the temperature varies within 34-36°C; • high temperatures were found in areas with shopping and entertainment centres, large packing sites (40-43°C); • in the central part of the city, thanks to the land scaping of courtyards, the surface temperature is between 34-37°C. In order to reduce thermal pollution in the city it is recommended:
• use dyes of light colors for roofs, whose albedo is much higher with similar insulating properties, with respect to dark colors; • implement the technology of "green roofs", whose functions are to absorb heat, filter air, and also retain infiltrated water; • for pavement, use a mixture of cement with light substances; • increase the area of green plantings, the efficiency of which is confirmed in this study; • construct pedestrian roads using materials charac terized by a high degree of moisture permeability; • create a small "green" zone, exempt from vehicles. 
